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Introduction
Treatment with mood stabilizer medications (MSMs) such as lithium and valproate alone or in combination with antipsychotic medications (APMs) are considered first-line treatments for various phases of bipolar disorder (APA 2002; Suppes et al., 2005) . Awareness has grown over recent years that psychotropic medications, including APMs and MSMs, are associated with weight gain and other metabolic side effects (e.g., hyperglycemia, hyperlipidemia) that vary depending on the specific medication (Allison et al., 1999; American Diabetes Association, 2004; Baskaran et al., 2014; DeHert et al., 2011; Kenna et al., 2009; Torrent et al., 2008) . Among MSMs, lithium and valproate have been associated with substantial weight gain in many patients, whereas carbamazepine and gabapentin have been associated with more modest effects on weight gain and associated metabolic parameters. On the other hand, oxcarbazepine and lamotrigine have not been shown to have appreciable effects on weight, whereas topiramate has been associated with weight loss in some patients (Arrone et al., 2003; Fagiolini and Chengappa 2007; Keck and McElroy 2003; Malone 2005) . While the propensity of certain APMs to induce these effects requires physicians to regularly monitor patients' weight, lipid profiles, and other metabolic indices (American Diabetes Association, 2004) , MSMs have attracted less scrutiny and many fewer calls for routine monitoring, despite having similar metabolic effects.
Studies in both Veteran (Chwastiak et al., 2010; Kilbourne et al., 2009a; Kilbourne et al., 2009b; Morden et al., 2012) and non-Veteran (Angst et al., 2002; Saha et al., 2007; Druss et al., 2011) samples have shown that serious mental illness is associated with an increased risk for morbidity and premature mortality, though the effect is somewhat less pronounced in Veterans (Chwastiak et al., 2010; Kilbourne et al., 2009a) . Heart disease is the leading cause of premature mortality in individuals with serious mental illness, which is largely attributable to their higher prevalence of risk factors for cardiovascular disease (CVD), including overweight and obesity (Allison et al., 2009; Baskaran et al., 2014; Daumit et al., 2003; DeHert et al., 2011; Kilbourne et al., 2009b; Morden et al., 2012) . Several lines of evidence suggest that the prevalence of overweight/obesity among individuals with serious mental illness is higher in women than men (Allison, 1999; Daumit, 2003) . This association may be due in part to women being more susceptible to psychotropic medication-induced weight gain, diabetes and cardiovascular risks than men (Fagiolini & Chengappa, 2007; Kenna et al., 2009; Seeman, 2009; Seeman, 2010) . While most attention has been focused on the metabolic effects of APMs in women with schizophrenia (Seeman, 2009) , there are similar concerns associated with MSMs, which are widely prescribed for bipolar disorder, and which are associated with side effects that affect women in particular (Kenna et al., 2009) . For example, valproate is associated with polycystic ovary syndrome (PCOS), a neuroendocrine disorder that can lead to obesity and further elevate the risk of early onset CVD and Type 2 diabetes in women (Kenna et al., 2009) . Also, women with serious mental illness are more vulnerable than men to lithium-induced thyroid dysregulation, which may contribute to both overweight and psychiatric instability (Baskaran et al. 2014; Bauer et al., 2014; Burt & Rasgon, 2014; Ozerdem et al., 2014) .
The negative impact of excess weight in women is not limited to its effects on physical health, as weight gain is reported to be the most distressing side effect of psychotropic medications, particularly among women (Covell et al., 2007; McCloughlen & Foster, 2011) . In bipolar disorder, women express more concerns than men about their weight and are more than twice as likely as men to report this as the most worrisome medication-related side effect of their prescribed MSM (Kriegshauser et al., 2010) . Emerging research also suggests that medication-induced weight gain and its resulting distress may also be associated with nonadherence to treatment (McCloughen & Foster, 2011; Weiden et al., 2004; Wong et al., 2011; Vandyk & Baker, 2012; Xiao et al., 2012) , an effect that may be more pronounced in women.
Conceptually, prescription decisions are reached as providers balance the risks and benefits of particular medications, taking into account a multitude of factors known to influence clinical decision making (Reschovsky et al., 2015) . These factors include patients' preferences and prior experiences with both beneficial and adverse effects of treatment (which may differ by e.g., gender), prescribers' understanding of the scientific literature and their own clinical experiences with particular medications, and practice site characteristics including mandated drug formularies and prescribing guidelines. With regard to MSMs, the growing awareness of gender differences in the impact of weight gain and other metabolic side effects from these agents may be expected to result in gender differences in the rate of prescribing according to the metabolic risk of the medication. and documentation of these differences may provide insight into whether patient gender moderates the clinical effectiveness of these treatments. However, evidence that metabolic side effect risk profile differentially impacts the prescribing of MSMs to women versus men is scant. As women are among the fastest growing groups of Veterans (Frayne et al. 2014) , we examined whether differences in MSMs' metabolic side effect risk profiles differentially affect their prescribing to women versus men, using administrative data from the U.S. Department of Veterans Affairs (VA) healthcare system.
Methods

Setting, Data and Study Population
Mental health care services for Veterans with serious mental illness are typically provided in specialty mental health outpatient clinics located at VA tertiary hospitals. In these settings, psychotropic medications are usually prescribed by a psychiatrist or nurse practitioner. Medication switching often occurs and may result from inadequate response, medication side effects, or patient non-adherence. Normally a Veteran will be seen by the same provider over time, which helps sustain continuity of treatment. However, relapses and inpatient admissions may result in a Veteran being seen by a different provider and being prescribed a different medication.
Data for the study were obtained from the VA's pharmacy and health care utilization databases for patients in the mid-Atlantic VA service region that encompasses Maryland and Washington DC as well as Northern Virginia and northeastern West Virginia. These areas are served by four VA hospitals and by a network of freestanding VA hospital-affiliated outpatient medical clinics. Using the diagnostic codes from inpatient and outpatient encounter data, we identified all VA patients with diagnoses of schizophrenia/schizoaffective disorder or bipolar disorder during the study period of fiscal years (October 1, 2006 to September 30, 2011 . A patient was assigned a diagnosis of schizophrenia or schizoaffective disorder if an ICD-9 code of 295.0-295.4 or 295.6-9 was recorded in the majority of instances in the administrative records (relative to other ICD-9 codes indicative of a serious mental illness). A patient was assigned a diagnosis of bipolar disorder if an ICD-9 code of 296.0-1 or 296.4-8 occurred most frequently (Bowersox et al) . Of the 9,199 Veterans with these diagnoses, 3,823 had at least one new (i.e., incident) prescription for an MSM during the study period, defined as an MSM prescription that was preceded by a period lasting at least 183 days during which no other prescriptions were filled for the same medication. A total of 781 Veterans had incident MSM prescriptions in more than one year during the study period that were included in the analyses. For veterans with more than one incident prescription within the same year, we randomly selected one incident prescription from that year to be included in analyses. Overall, 3,823 Veterans had 5,403 incident prescriptions for MSMs that met inclusion criteria for the study. After excluding 63 Veterans (and 103 corresponding incident MSM prescriptions) with missing data on age, gender, race, marital status, or service connected disability status, the final sample consisted of 3,760 Veterans contributing 5,300 new starts of MSM treatment in the analyses.
Measures
Primary Independent and Dependent Variables-The primary independent variable was gender. The dependent variable was a binary indicator for the receipt of a low versus a medium or high metabolic risk MSM. The medium and high risk MSMs were carbamazepine, gabapentin, lithium and valproate/divalproex sodium/valproic acid. The low risk MSMs were lamotrigine, oxcarbazepine, and topiramate (Baskaran et al., 2014; Kenna et al., 2009; Torrent et al., 2008) .
Demographic and Clinical Covariates-As we were interested in the effects of gender on mood stabilizer prescribing, beyond that of other demographics characteristics, we included age, race/ethnicity, marital status, and homelessness (in the prior 6 months) as covariates in the models. We included other covariates that could potentially influence mood stabilizer prescribing, for example service connected disability rating > 50%, indicating exemption from copayments for prescription medications. Service-connected disability benefits are paid to Veterans with disabilities resulting from conditions, including mental health disorders, incurred or exacerbated during active military service. The service connected disability rating reflects the severity of the disability and its impact on the Veteran's ability to work. We also included the presence of co-occurring psychiatric conditions (depression (ICD-9: 296.30-296.36), post-traumatic stress disorder (PTSD) (ICD-9: 309.81), substance use disorder (ICD-9: 303.0, 303.9, 304.x, and 305.x, except 305.1, which indicates nicotine abuse)), and opportunities for receipt of new mood stabilizer medication prescriptions (inpatient hospitalizations (yes/no) and number of outpatient mental health visits in the past 6 months). The presence of selected medical co-morbidities (coronary artery disease (ICD-9: 411, 413, 414), hyperlipidemia (ICD-9: 272.0-4), hypertension (ICD-9: 401), diabetes (ICD-9: 250, except 250.1)) and opportunities for identifying or treating them (number of outpatient primary care visits in the past 6 months), which could influence the metabolic risk level of the mood stabilizer selected, were included in the models as well.
Statistical Analyses
Univariate statistics were used to describe the demographic and clinical characteristics of the sample and bivariate statistics were used to compare the proportions of women versus men prescribed low (versus medium or high) risk MSMs during the 5-year study period. Multivariate logistic regression analysis was then used to examine gender differences in the likelihood of incident prescription of MSMs with low (versus medium or high) metabolic risk, adjusting for fiscal year of the MSM prescription and the aforementioned Veteran demographic, mental health, and physical health characteristics. We accounted for clustering due to repeated incident MSM prescriptions within Veteran by using a logistic mixed effects model with random effects. To determine whether our results were sensitive to our decision to select a single incident MSM prescription per Veteran-year at random, we conducted a separate analysis excluding those individuals. The logistic regression result for the gender difference was reported both as an adjusted odds ratio and as the covariate-adjusted probability of receiving a low metabolic risk MSM for women and for men. These covariateadjusted means were estimated as predicted values by first assigning the entire sample gender equal to male and then by assigning gender equal to female, holding constant the values of all other model covariates (Muller & MacLehose, 2014) .
Results
Sample Description
Overall, the mean age of the sample was 49.9 (±12.3), 17% (n=626) were female, 56% (n=2088) were non-Hispanic Caucasian, and 28% (n= 1066) were married. Seventy-seven percent (n=2895) had a diagnosis of bipolar disorder and 23% (n= 865) had a schizophrenia or schizoaffective disorder diagnosis. Co-occurring mental health diagnoses included depression (n=1634, 44%), alcohol or substance abuse disorder (n=1530, 41%), and posttraumatic stress disorder (n=1043, 28%). Twenty-nine percent (n=1082) had been hospitalized for their psychiatric condition in the prior 6 months. Twenty percent (n=744) had a diabetes diagnosis, 34% (n=1261) had a hyperlipidemia diagnosis, and 42% (n=1570) had a hypertension diagnosis.
Prescribing of MSMs According to Level of Metabolic Risk
In unadjusted analyses, across the entire study period, 47% of women were prescribed an MSM associated with a low risk of metabolic side effects compared to 26% of men (p< 0.0001), a pattern that was observable in each fiscal year (Figure 1 ). Women were 1.8 times as likely to be prescribed low risk agents compared to men (RR= 1.83; 95% CI= 1.65-2.02; p<0.0001) in unadjusted analyses. In multivariable analysis (Table 1) , the odds of being prescribed a low metabolic risk MSM were 2.19 times greater for women compared to men (AOR=2.19; 95% CI: 1.84-2.60, p<0.0001). Based on these logistic regression results, the covariate-adjusted estimated mean probability of receiving a low metabolic risk MSM was 0.405 for women and 0.185 for men.
Several demographic and clinical covariates were also independently related to prescribing of MSMs by level of metabolic risk (Table 1) . Older age was associated with a lower odds of receipt of a low metabolic risk MSM (AOR=0.99; 95% CI=0.98-1.00; p=0.006). Homelessness in the prior 6 months was also associated with a 27% lower odds of receiving a low metabolic risk MSM (AOR=0.73; 95% CI=0.59-0.90; p=0.003). Veterans who had been hospitalized for their psychiatric illness in the prior 6 months had a 44% lower odds of being prescribed a low metabolic risk MSM (AOR=0.56; 95% CI= 0.47-0.67; p<0.0001). In addition, veterans diagnosed with schizophrenia had a 24 % lower odds of being prescribed a low metabolic risk MSM as compared to Veterans diagnosed with bipolar disorder (AOR=0.76; 95% CI=0.63-0.92); p=0.005).
Conversely, there were several other covariates associated with a greater likelihood of being prescribed MSMs with a low risk of metabolic side effects. Veterans with a service connection > 50% (and thus no prescription co-pay) were 21% more likely to receive these agents (AOR=1.21; 95% CI=1.03-1.41; p=0.02), as were Veterans with a hypertension diagnosis (AOR=1.21; 95% CI=1.03-1.43; p=0.02). Greater numbers of outpatient psychiatric visits were also associated with a higher likelihood of being prescribed MSMs with a low risk of metabolic side effects (AOR=1.01; 95% CI=1.00-1.01; p=0.001).
A sensitivity analysis was used to examine the impact of excluding from the sample the 781 individuals who had more than one incident MSM prescription during a year. There were no substantive changes in study findings when these individuals were excluded from the multivariate analyses.
Discussion
In a sample of VA patients with schizophrenia or bipolar disorder who began a new episode of a MSM, women had an approximately two-fold greater odds of receiving a prescription for a MSM with a lower risk of weight gain and other metabolic side effects compared to men, an effect that persisted over a 5-year period. These findings are consistent with a recent study in Sweden that found that women with bipolar disorder type II were significantly more likely than men to be prescribed lamotrigine, a MSM with a lower risk of metabolic side effects, while regardless of bipolar subtype, men were significantly more likely than women to receive lithium, a MSM with a higher risk of metabolic side effects (Karanti et al., 2014) . Taken together, these findings suggest that both Veteran and non-Veteran women with serious mental illness may be subjected to fewer cardiovascular health risks from MSMs than men. Given that women are disproportionately affected by overweight/obesity, and by metabolic side effects associated with psychotropic medications, this strategy may be a rational approach by prescribers to improving the health status of their female patients. It may also reflect preferences by women for avoiding side effects that not only adversely affect their physical health, but also their appearance and psychological well-being.
While medication-induced weight gain has important implications for women's health and is particularly distressing for them, other potential effects of MSMs that are specific to women may also be influencing medication decision-making. For example, the mood stabilizer valproate, which is associated with a higher risk of metabolic side effects, is also linked with menstrual abnormalities, reproductive dysfunction, and the aforementioned PCOS, a neuroendocrine disorder that is one of the most common causes of anovulatory infertility (Burt & Rasgon, 2014; Kenna et al., 2009) . While gender differences in valproate prescribing were not observed in the aforementioned Swedish study, the possibility of these effects may nevertheless help explain the lower use of valproate in female Veterans with serious mental illness in our study, particularly since almost half (48%) of the female Veterans in our sample were of reproductive age, which we defined as being 44 years of age or less.
Although the focus of this study was gender differences, the association of other demographic and clinical characteristics with MSM prescribing is noteworthy. For example, it is encouraging that Veterans with a diagnosis of hypertension were more likely to be prescribed MSMs with a lower risk for metabolic side effects. However, being diagnosed with other co-occurring cardiometabolic medical conditions, including Type 2 diabetes, coronary artery disease, or hyperlipidemia, was not significantly associated with the metabolic risk level of the MSM that was prescribed. In some respects, this contrasts with the primary finding of the study, in which women were more likely to receive the more metabolically neutral MSMs, which we hypothesize may have been in an effort to avoid weight gain and associated cardiovascular risk. Clearly, more research is needed to determine the extent to which both prescribers and patients are aware of the weight gain potential and cardiovascular risks associated with mood stabilizer treatments, and whether patients' individual risk factors for adverse cardiovascular outcomes are considered as a part of the medication decision-making process.
It was also notable that while only comprising about a quarter of the study sample, individuals with schizophrenia were significantly less likely than those with bipolar disorder to be prescribed a mood stabilizer associated with a lower risk of weight gain and metabolic side effects. This finding is curious, since similar to individuals with bipolar disorder, those with schizophrenia also experience significant cardiovascular risk that may be due, in part, to concomitant treatment with multiple psychotropic medications with potentially adverse metabolic profiles. In contrast to bipolar disorder, however, robust empirical support for the efficacy of adjunctive treatment with MSMs in individuals with schizophrenia e.g., to mitigate residual psychotic symptoms, aggression, impulsivity, and mood disturbances, is lacking (Buchanan et al., 2010; Citrome 2009 ). Yet rates of prescribing of MSMs to individuals with schizophrenia are quite high, with an estimated 25-60% of patients receiving these agents (Citrome 2000; Citrome 2002; Horowitz et al., 2014; Olfson et al., 2009) , Given the overall widespread use and the more frequent prescribing of high metabolic risk MSMs to individuals with schizophrenia, more research is needed to understand the potential harmful effects of such 'off-label' prescribing on the physical health of these individuals.
We also note that individuals in the study sample who were homeless or who had had an inpatient psychiatric hospitalization in the six months prior to the incident MSM prescription had a lower likelihood of being prescribed the more metabolically neutral MSMs, regardless of whether their primary psychiatric diagnosis was bipolar disorder or schizophrenia. This may suggest that prescribers are reserving the more metabolically problematic MSMs for individuals with a more severe course of illness, perhaps after trials of the more metabolically neutral agents have failed, a possibility that we were unable to investigate as it was beyond the scope of the current study. It may also be that prescribers have more clinical experience with the MSMs associated with greater metabolic risk (e.g., lithium, valproate, carbamazepine), which have been available for much longer than those with more favorable metabolic profiles (e.g., lamotrigine, topiramate). This study has some limitations, including several inherent in the use of electronic databases for research purposes. Importantly, our source of data did not permit us to understand how the MSM treatment decisions associated with the prescribing patterns we observed were made and by whom -particularly whether female Veterans had a substantial informed role in these decisions. Such information is critical to the overall health of female Veterans with serious mental illness and understanding their role in shared decision-making with respect to MSM treatment merits further research. Although available in VA administrative datasets, we did not have access to patients' body mass indices or results of metabolic monitoring to evaluate the influence of these parameters on prescribing choices and whether any difference in these parameters between male and female Veterans could have contributed to our results. Additionally, we were unable to evaluate individuals with a serious mental illness who were ultimately in the diagnostic sample but who declined mood stabilizer treatment, perhaps because of concerns about metabolic or other side effects that could have been similar to those of individuals included in the study who accepted treatment.
Also, the results of this study may only generalize to VA patients with schizophrenia and bipolar disorder receiving care in an integrated healthcare system. It is worth notingthat during the time period of the study (10/2006-9/2011) , there were no restrictions within VA on prescribing of any of the mood stabilizer medications investigated in this study. During this time, the VA maintained an open national formulary and did not distribute any VAspecific treatment guidelines or algorithms to dictate prescribing of certain mood stabilizers. Further, while the VA promotes the use of evidenced-based physical and mental health treatments, it did not mandate that VA prescribers adhere to any other published recommendations e.g., for the treatment of bipolar disorder or schizophrenia. Finally, some of the measures we derived from administrative data, including that of recent homelessness and substance use, may not be particularly sensitive indicators of these problems. These limitations are mitigated by our ability to evaluate MSM prescribing patterns over an extended period of time in a large sample of female and male Veterans with serious mental illness.
In summary, we found that female Veterans with schizophrenia and bipolar disorder in a single VA healthcare network were more likely to be prescribed mood stabilizer medications with a lower risk of weight gain and adverse metabolic effects than males. These results suggest that prescribing choices for MSMs by VA mental health prescribers and the preferences of female Veterans reflect an awareness of the potential adverse health consequences of these treatments. More research is needed to better understand the impact of these treatment decisions on both the physical and mental health of female Veterans, which could be accomplished using the growing amount of clinical information, including weight and other metabolic indices, recently made available in VA administrative databases. Use of these data by VA clinicians and policymakers to facilitate medication risk monitoring in regular clinical practice is also a logical next step. 
